Background: It was difficult to excise major benign breast lesions more than 3 cm employing either Mammotome or Endoscopic respectively.
Introduction
Extirpation is the unique radical treatment for benign breast mass which is the most common disease in women. Conventional incision is made directly in the breast where the tumor is located and the postoperative cosmetic results are not considered. However, the majority of patients with a benign breast mass, such as a fibroadenoma or benign phyllodes, are adolescents, and thus the length and position of the scar is a bigger concern for them than the cost, operation time, or degree of difficulty of the resection.
In the last decades, some minimally invasive breast surgery using Mammotome ( X-rays or ultrasound guided vacuum-assisted breast biopsy system) or Endoscope has been applied to ablate benign breast mass for shortening or concealing the incision. Although Ultrasound-guided Mammotome procedure can provide a safe, feasible, accurate and minimally invasive excision for benign breast mass, it is limited when excising mass more than 3 cm (centimeter) because poor ultrasound view with large fluid collection and increased edema would affect the monitoring of residual lesions at the removal site, and the current indication for Mammotome excision is benign breast masses less than 3 cm [1] [2] [3] .
Since the mid-1990s, endoscopic surgery has been applied to the field of breast surgery, early experience has demonstrated good esthetic outcomes for endoscopic extirpation of benign breast tumors by the transaxillary approach, or via extra-mammary incisions [4] [5] [6] [7] . More recently, Yamashita and Shimizu [8, 9] reported a new endoscopic, video-assisted breast surgery (VABS) that has two main advantages compared to earlier endoscopic surgery: (1) working space is created by the retraction method rather than CO 2 expansion, so pulmonary embolism and subcutaneous emphysema would be totally avoided; (2) almost all surgical procedures are performed through a small axillary or periareolar incisional port instead of three incisions. However, how to take out some rigid masses exceeding 3 cm from a 1 to 1.5 cm incision remains a problem, and it is difficult and time-consuming to cut it in a bag in the subcutaneous space [7] .
Our surgical group has adopted a new method of endoscopic resection of benign breast masses more than 3 cm combining Mammotome and VABS. This is the first series of minimally invasive breast surgery focus on major benign breast masses (diameter > 3 cm) reported up to date, our novel approach achieved scar-free breasts with good to excellent cosmetic results.
PATIENTS AND METHODS

Patients
Endoscopic, video-assisted resection of major benign breast masses combined with Mammotome was performed on 10 patients between October 1, 2005 and October 1, 2008 at the General Surgery Department of Shanghai Chang Zheng Hospital, Second Military Medical University in China. The patients' age ranged from 18 to 38 years old with a median of 28 years. All patients were subjected to routine preoperative evaluation with history taking, physical examination, mammography, magnetic resonance imaging and ultrasonography. Then, BI-RADS [10] (the Breast Imaging Reporting and Data System of the American College of Radiology) category was performed for every patient, and needle aspiration cytology was performed to confirm benign lesions once BI-RADS ranged from 3 to 6.
The majority of patients came to us for a second opinion as they did not want to have an incision scar on the breast as long as the tumor. Informed consent that included the following explanation was obtained before the operation: (1) this procedure is a new option to improve the cosmesis after treatment for benign breast tumors, (2) the size of the incisions are much smaller than in previous procedures and the breast can thus avoid any visible scar, (3) general anesthesia is required, (4) the operation time may be longer than a direct excisional biopsy because of narrower vision and special technique, (5) the patient is obliged to stay in hospital on the operation day at least, and (6) the cost is approximately fourfold as much as for direct biopsy owing to the need for general anesthesia and hospitalization. All operations were conducted by the same surgical team, including a skilled surgeon experienced in breast surgery along with a radiologist experienced in ultrasound breast imaging. The study was registered with the hospital audit department and obtained ethical approval.
Surgical procedure
The patient was placed in the supine position under general anesthesia. The upper limb on the operative side was raised and abducted. Video monitors were set on both the sides of the patient's head and were watched by 2 surgeons. The endoscopic monitoring system is a product of the Olympus Optical Co. (Tokyo, Japan). The endoscope is rigid and straight, 5 mm in diameter, and oblique at 30 Ｏ .
The skin incision was made along wrinkles in the axilla except the tumor was near the nipple or in the medical or inferior part of the breast that the periareola incision was made. A thin skin flap was constructed by the tunnel method [11] . Multiple parallel tunnels were created at intervals of 1 cm at the fixed depth of the subcutaneous tissue by blunt thrusting of the 10 mm-diameter endoport (OptiView). The blood vessels were observed to be collected in the septa between the penetrated tunnels. These septa were cut with a harmonic scalpel, which could easily coagulate and cut the vessels in the septa. The skin was pulled up with the Ultra Retractor with an endoscope and a suction tube to create a sufficient working space and to evacuate mist and smoke. Then the mammary gland was partially removed with a free surgical margin 1 cm away from the tumor edge with the harmonic scalpel under ultrasound-guidance and laparoscopic aid. The flexible resected mass was pulled out directly through the incision, while the rigid mass was taken out using Ultrasound-guided Mammotome (Ethicon, Endo-Surgery, Cincinnati, Ohio). Under real-time ultrasound guidance, the 8-gauge vacuum-assisted device was passed through the skin incision and positioned just beneath the ultrasound lesion and multiple 8-gauge cores were consecutively harvested while sequentially rotating the 8-gauge vacuum-assisted device over an array spanning approximately 180 degrees. (Fig. 1) Postoperative ultrasound was provided after 15 minutes to check if there was residual lesions. Frozen-section examination was routinely carried out during operation, and all cases were demonstrated benign lesions.
Postoperative esthetic evaluation
To evaluate esthetic results, we adopted the ABNSW scoring system developed by Yamashita and Shimizu [9] . It is a five-item, four-step instrument modified from the earlier MDACS grading system based on evaluation of malposition, distortion, asymmetry, contour deformity, and scarring. Scoring of items according to the four steps includes grades of "excellent" 3 points, "good" 2 points, "fair" 1 point, and "poor" 0 points. Scores of the five items are combined to obtain a total score; a total score of 15 points is excellent, 11-14 points is good, 6-10 fair, and <5 poor. Scores for ABNSW items were determined through oral interview and evaluation of each patient.
RESULTS
Fig. 1
A palpable (4.1 cm in diameter) mass in a 36-year-old woman. When the 8-gauge cores had harvested half of the lesion, the imaging showed no sign of haematoma or fluid collection in the cave. Study subjects included 8 female patients and 2 males. Patient characteristics and surgical data are presented in Table 1 . The incision size was 1 to 1.8cm. The median lesion size was 4.4 cm ranged from 3.6 to 5.8. The operation time ranged from 30 to 55 minutes with a median of 41 minutes of all patients, from 38 to 55 minutes with a median of 45 minutes of 6 patients with rigid mass and from 30 to 36 minutes with a median of 30 minutes of 4 patients with flexible mass. The median total ABNSW score was 14.1 points (range, 13.0 to 14.7 points), median intraoperative bleeding was 17 ml (range, 10 to 20 ml), and median cost was 7825 ￥ (range, 7360 to 8540 ￥). 6 subjects (60%) were diagnosed with fibroadenoma, and 4 subjects (40%) were diagnosed with liparomphalus or gynecomastism. Postoperative 7-day follow-up showed that the wound scars were small without skin ecchymosis, no clinically important hematoma developed, no postprocedural infectious complication were encountered, and all patients were extremely satisfied with the cosmetic results of the procedure. Interval ultrasound surveillance was performed at a median of 6 months (range, 5-8 months) after the operation. It showed that all of the lesions had been removed accurately and thoroughly with a satisfactory cosmetic outcome. There was no nipple deviation or collapse and no gross changes in the breast.
DISCUSSION
Breast diseases appear on conspicuous body surfaces. Surgical wound scars on the breast cause anxiety and discomfort because the beauty of the breast is important to women. We know that traditional breast surgery not only leaves scars on breast tissue but also sometimes produces long-lasting psychological responses on the minds of patients. Better cosmetic outcomes improve patients' quality of life after surgery. With current technology and techniques, we can apply endoscopic devices to treat neoplastic breast lesions and hide surgical wounds in an inconspicuous region, such as the axilla, with the aim of achieving satisfactory cosmetic results.
Endoscopic surgery, established for abdominal and thoracic diseases [12, 13] , has been applied to breast surgery as well. Kitamura [4] et al. first reported successful extirpation of a giant fibroadenoma of the breast in a 20-year-old woman, using a 3-mm or 10-mm endoscope and a 3-mm or 5-mm endoscopic device with a transaxillary approach in 1998. Subsequently, they [7] performed endoscopic extirpation of benign breast tumors in 36 patients using an extramammary approach from 1998 to 2001, the mean mass size was 3.6 cm, the average operation time per mass was 2.6 hours in the first 18 operations and 1.4 hours in the latter 19 operations, and postoperative complications were seen in 2 patients: an extended subcutaneous emphysema due to excessive CO 2 gas inflation and a mild burn. More recently, Yamashita and Shimizu [9] reported a new endoscopic, videoassisted breast surgery (VABS) performed for 100 patients (18 benign lesions, 82 malignant lesions), and they concluded that the VABS technique was a surgical option that offered esthetic advantages for patients with varying types of breast disease, including benign breast tumors. Liu et al. [14] adopted it in 18 patients with 20 benign breast lesions from extramammary approach in recently, they reported that the median resected lesion size was 3.3 cm (range, 2.9, to 3.9) and the median operative time was 85.0 min. Kitamura [4] et al. and Liu [15] et al. all noted that the critical factors of the operation time were number and size of tumor except for technical skill. When a mass was less than 3 cm, it could easily be pulled out through a 1.5 to 2.0 cm incision in diameter. Otherwise, it had to be cut in a bag in the minor subcutaneous space and then taken out of the breast piecemeal, which was difficult and time-consuming. Burbank [15] et al. first successfully developed the Mammotome system in 1994. The system is able to accurately locate and obtain sufficient tissue for a pathologic diagnosis; furthermore, it can provide a safe, feasible, accurate and minimally invasive excision for benign breast mass less than 3 cm [16] [17] [18] [19] . Mammotome excision has advantages of less operative time and cost, earlier recovery and minimal invasiveness compared with endoscopic extirpation of benign breast mass less than 3 cm, it should be the primary alternative to traditional breast surgery for patients with small benign breast mass(< 3 cm) in our opinion. Therefore, we considered VABS only if the breast mass of patient was more than 3 cm.
In our series, Mammotome was first used to taken out the rigid mass from the breast piecemeal after dissecting it from the peripheral tissue, and it was very easy and convenient. The operation time ranged from 38 to 55 minutes with a median of 45 minutes of 6 patients with rigid mass in our study, which was significant shorter than previously report. However, the total ABNSW score was more than 14 in 80% of patients (median total score, 14.1), which implied that good esthetic results can be obtained with this novel approach consistent with other endoscopic approaches, and the good cosmetic results and degree of patient satisfaction justified the time and effort spent to perform the procedure.
The primary limitation of our study was the small sample size. Future research may explore comparison of this novel technique with the conventional or other minimally invasive approach. In conclusion, we suggest that retromammary, video-assisted endoscopic resection combined with Mammotome is a safe, effective technique to treat major benign breast tumors, and provides esthetic advantages.
